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(57) ABSTRACT

An attribute rule enforcer evaluates the attributes of a call to
add, modily, or delete information 1n a directory, such as a
lightweight directory access protocol (LDAP) directory. The
attribute rule enforcer determines 1f the attributes of the call
comply with predetermined rules governing the directory’s
content. The directory attribute rule enforcer may be located
at the front end of the directory’s access server, and intercepts

calls to the directory access server. I the directory attribute
rule enforcer determines that the attributes of a call complies
with the rules governing the content of the directory, 1t will
torward the call to the directory’s access server for action. If,
on the other hand, the directory attribute rule enforcer deter-
mines that the attributes of a call do not comply with the rules
governing the content of the directory, the attribute rule
enforcer will reject the call. Further, it may forward an appro-
priate error message to the source of the call.

14 Claims, 5 Drawing Sheets
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Step 301 The transaction monitor 211 monitors
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RULE VALIDATOR OF AN ATTRIBUTE RULE
ENFORCER FOR A DIRECTORY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s a divisional of U.S. patent application
Ser. No. 11/928,543, filed Oct. 30, 2007, entitled, “Attribute
Rule Enforcer for a Directory,” which claims priority to and 1s
a continuation of U.S. patent application Ser. No. 09/921,015,
filed Aug. 1, 2001, now U.S. Pat. No. 7,328,210, entitled
“Attribute Rule Enforcer for a Directory” naming the same
inventors, which applications are incorporated herein by ret-
erence.

BACKGROUND

1. Field of the Invention

The invention relates to a method and system for reviewing,
the attributes of a request or “call” to modity, add or delete
data stored 1n a directory, such as a lightweight directory
access protocol (LDAP) directory, to determine 11 the call’s
attributes comply with predetermined rules for controlling
the contents of the directory. If the attributes do not comply
with the predetermined rules, then the call 1s denied and an
error message may be returned to the source of the call.

2. Description of the Related Art

A directory 1s an 1index of entry names (1.€., “relative dis-
tinguished names™) and information associated with each
entry name. Directories can be used for a variety of purposes,
from providing telephone number and address information
(1.., a telephone directory) to maintaining service plan infor-
mation for wireless telephone service subscribers. One par-
ticular use of an electronic directory 1s to correlate user infor-
mation with electronic mail services for an electronic mail
service center. In this arrangement, the electronic mail service
directory includes an index of names for each user of the
clectronic mail services. The directory then associates each
user name with particular information related to that user,
such as the specific electronic mail services available to the
user. One type of electronic directory 1s the X.500 directory,
which employs the protocols recommended by the Interna-
tional Telecommunication Standardization Sector (ITU-T)
tor client/server systems that maintain and access directories
of user and resources 1n X.400 form.

An electronic mail service center or hub may service a
number of different users (or subscribers) with various elec-
tronic mail-capable devices under one domain. Accordingly,
some of the electronic mail users may need a robust mail
server that allows a user to designate “email aliases” for
message delivery. To successiully employ these aliases, the
clectronic mail service directory will typically maintain a
separate directory entry for each user. The electronic mail
service directory may also require some post processing of
information added to the directory, in order to completely
populate a directory entry.

Due to the inherent flexibility of a directory, the content of
the entries 1n a directory can vary greatly. An electronic mail
service provider, however, may require consistency in both
the structure and content of these entries. Of course, users of
other types of directories may also require consistent struc-
ture and content in their directory entries. Accordingly, there
1s a need for a service that maintains consistent content 1n a
directory. More particularly, there 1s a need for a service that
rejects attempts to add information to, modily information in
or delete information from a directory that violate predeter-
mined rules for controlling the directory’s content.
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A variety of protocols have been developed for finding,
adding, deleting and moditying information in a directory.

For example, the Lightweight Directory Access Protocol
(LDAP) 1s a protocol developed to manipulate transmission
control protocol/Internet protocol (TCP/IP) stacks to extract
information from (or add information to) a hierarchical direc-
tory such as a X.500 type directory. These protocols, however,
do not give the directory provider (i.e., the enfity that main-
tains the directory) the ability to control the consistency of
content added to, modified 1n or deleted from a directory.
Instead, a directory provider must typically employ some
type of back-end proprietary database scheme to enforce the
consistency of content 1n a directory. This arrangement has a
number of drawbacks. For example, a user seeking to add
prohibited information to a directory will not usually be
informed that the information 1s prohibited. Instead, the infor-
mation 1s simply refused entry 1nto the directory, and the user
1s unaware that the submitted information has been rejected.

BRIEF SUMMARY OF THE INVENTION

In at least one embodiment of the mvention, an apparatus
includes a rule validator of an attribute rule enforcer for a
directory that 1s interposed between a client and a directory
access server for providing access to the directory. The rule
validator 1s capable of determining whether an attribute of a
client request complies with a first rule governing content of
data that1s permissible to be forwarded to the directory access
server and a second rule governing structure of data that 1s
permissible to be forwarded to the directory access server.
The first and second rules include a data addition rule when
the request includes a request to add data to the directory. The
first and second rules include a data modification rule when
the request includes a request to modily data in a directory.
The first and second data rules include a data deletion rule
when the request includes a request to delete data from the
directory. The rule validator 1s further capable of forwarding
the request to the directory access server if the attribute com-
plies with one of the first rule and the second rule and 1s
turther capable of rejecting the request to the directory access
server and returning an error message to a source of the
request 11 the attribute does not comply with the first rule and
the second rule. The apparatus includes a configuration file
for use by said rule validator. The configuration file contains
a plurality of parameters including one of an add rules param-
cter, a modily rules parameter, a modrdn parameter where
modrdn relates to moditying a relative distinguished name, a
delete rules parameter, a log directory parameter, a service
port parameter, a debug level parameter and a directory access
protocol error parameter.

In at least one embodiment of the invention, a method of
validating rules for use with an attribute rule enforcer for a
directory includes determinming whether an attribute of a client
request complies with a first rule governing content of data
that 1s permissible to be forwarded to the directory access
server and a second rule governing structure of data that 1s
permissible to be forwarded to the directory access server.
The first and second rules include a data addition rule when
the request includes a request to add data to the directory. The
first and second rules include a data modification rule when
the request includes a request to modily data in a directory.
The first and second data rules include a data deletion rule
when the request includes a request to delete data from the
directory. The method includes forwarding the request to the
directory access server if the attribute complies with one of
the first rule and the second rule. The method 1includes reject-
ing the request to the directory access server and returning an
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error message to a source of the request 11 the attribute does
not comply with the first rule and the second rule. The method
of validating rules uses a configuration file contaiming a plu-
rality of parameters including one of an add rules parameter,
a modily rules parameter, a modrdn parameter where modrdn
relates to modifying a relative distinguished name, a delete
rules parameter, a log directory parameter, a service port
parameter, a debug level parameter and a directory access
protocol error parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one example of a conventional computer
system by which various components of a directory network
system according to an embodiment of the invention may be
implemented.

FIG. 2 shows a directory network system employing a
directory attribute rule enforcer according to an embodiment
of the mvention.

FIGS. 3A-3C 1llustrate a method of operation for a direc-
tory attribute rule enforcer according to an embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

As 1s well known 1n the art, electronic directories and
clectronic directory access protocol servers for accessing
clectronic directories are conventionally maintained on pro-
grammable computer systems. Similarly, a directory attribute
rule enforcer according to the invention may be implemented
by a programmable computer system. FIG. 1 shows one such
exemplary programmable computer system 101. As seen 1n
this figure, the computer system 101 includes a processing,
unit 103, whichmay be, ¢.g., a programmable microprocessor
or other device for processing electronic instructions. The
processing unit 103 1s connected to a system memory 105,
and a system bus 107 that couples various system compo-
nents, including the system memory 103, to the processing,
unit 103. The system memory 105 may include a read-only
memory (ROM) 109 and a random access memory (RAM)
111.

The software routines that help to transfer information
between the various components of the computer system 101,
such as during startup, may be stored in the read-only
memory (ROM) 109. If the computer system 101 1s a personal
computer, 1t may further include one or more data storage
devices 113. Each data storage device 113 may include, for
example, a magnetic disk drive for storing information to and
retrieving mformation from a fixed or removable magnetic
disk or an optical disk drive for storing information to and
retrieving information from a fixed or removable optical disk,
a removable memory card, or any other suitable type of
memory storage media.

A number of program modules may be stored in the system
memory 105, 1n one or more of the data storage devices 113,
or 1n any combination thereof. A user may then enter infor-
mation into the computer system 101 through one or more
iput devices 115, such as a keyboard, a pointing device, a
touch screen, a microphone, a joystick or any other suitable
interface device. The computer system 101 may also employ
one or more of a variety of different output devices 117, such
as a monitor, speakers, a printer, or other type of display
device, to convey information from the computer system 101
to the user.

In order to recerve directory calls from a variety of sources,
a programmable computer system 101 embodying a directory
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attribute rule enforcer, an electronic directory, or a directory
access protocol server preferably 1s capable of operating 1in a
networked environment using logical connections to one or
more remote computers, such as the remote computer 119.
The computer system 101 may be connectable to the remote
computer 119 through a local area network (LAN) 121 or a
wide area network (WAN) 123, such as the Internet. When
used 1n a networking environment, the computer system 101
may be connected to such a network through an interface 125,
such as a wireless transceiver, a modem, an Fthernet connec-
tion, or any other such interface. While the interface 123 1s
illustrated as an internal interface in FI1G. 1, it may alternately
be an external interface as 1s well known 1n the art. Of course,
it will be appreciated that the network connections shown 1n
this figure are exemplary, and other means of establishing a
communications link with other computers to access an elec-
tronic mail account may be used.

FIG. 2 illustrates one embodiment of a directory network
200 according to the mvention. As seen in this figure, in the
directory network 200, a directory attribute rule enforcer 201
1s interposed between a plurality of client computers 203 and
a directory access server 205. As 1s known 1n the art, the
directory access server 203 “serves” the client computers 203
by providing access to a directory server 207, which main-
taimns an electronic directory 209. More particularly, as 1s
known 1n the art, the client computers 203 submit “calls’ to
the directory access server 205. The directory access server
2035 then takes some action 1n response to those calls accord-
ing to the protocol employed by the directory access server
205.

Generally, a call to a directory 209 will typically include at
least two components: an operation and one or more attributes
to be employed in the operation. More particularly, the opera-
tion defines the action to be taken by the directory access
server. For example, the operation may be arequestto retrieve
information previously stored in the directory. Alternately,
the operation may be a request to add information to the
directory, or 1t may be a request to delete information already
stored 1n the directory. Still further, a call may be a request to
modily information stored in the directory. Thus, when the
directory access server 205 recerves a call from a client com-
puter 203, the directory access server 205 then retrieves, adds,
modifies, or deletes information in the directory 209 based
upon the operation requested 1n the call.

The attributes of a call, on the other hand, specily the
arguments of the operation requested in the call. Thus, a call
will typically include at least one attribute identifying the
field 1 the directory upon which the operation will be per-
formed. A call may also include a value for that attribute. (It
should be noted that, e.g., a call to retrieve data from a direc-
tory would not necessarily include an attribute value, but
could instead 1dentity only the field from which an existing
value 1s to be retrieved). For example, 11 the directory 209 1s a
directory of addresses and telephone numbers, each entry 1n
the directory 209 may have a telephone number field, a street
address field, a city field, a state field and a zip code field. In
a call to add a telephone number to the directory 209, the
operation of the call would be the “add” operation, the
attribute of the call would be the telephone number field, and
the value of the attribute would be a ten-digit number speci-
tying the telephone number to be stored in the telephone
number field. Similarly, 1n a call to modily a city name
already stored in the directory 209, the operation of the call
would be the “modily” operation, the attribute of the call
would be the city field, and the value of the attribute would be
the string of alphabetical characters to be used to modity the
existing string of characters stored 1n the city field.
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Various embodiments of the directory attribute rule
enforcer 201 according to the imvention can be used to ensure
that calls to add, modily or delete information from the direc-
tory 209 contain only attributes complying with a hierarchy of
rules designated by the directory provider. Thus, with the
above example, the directory attribute rule enforcer 201
according to the mvention could be used to ensure that an
attribute value 1n a call to add a telephone number to the
directory 209 includes only numbers, and does not include
letters. Further, the directory attribute rule enforcer 201 could
be used to ensure that an attribute value 1n a call to add a
telephone number to the directory 209 includes only a ten-
digit number (1.e., a three-digit area code number coupled
with a seven-digit local number). Still further, the directory
attribute rule enforcer 201 could be used to ensure that an
attribute value 1n a call to add a telephone number to the
directory 209 includes only a ten-digit number containing a
preselected area code.

As will be appreciated by those of ordinary skill in the art,
the directory access server 205 may be, for example, a light-
welght directory access protocol (LDAP) server that saves
information to and retrieves information from the directory
209 according to the lightweight directory access protocol
(LDAP). As will also be appreciated by those of ordinary skill
in the art, the directory access server 205 and the directory
server 207 may be embodied on two or more different com-
puter systems 101. Alternately, both the access server 205 and
the directory server 207 may be embodied on a single com-
puter system 101.

According to the invention as illustrated 1n FI1G. 2, each call
from a client computer 203 1s first transmitted to the directory
attribute rule enforcer 201. The directory attribute rule
enforcer 201 includes a transaction monitor 211 and a rule
validator 213. Together, the transaction monitor 211 and the
rule validator 213 validate individual calls to the directory
209. That 1s, the transaction monitor 211 and the rule valida-
tor 213 cooperate to ensure that the attributes of each call
secking to add, modify or delete information from the direc-
tory 209 comply with attribute rules determined by the direc-
tory provider. The transaction monitor 211 and the rule vali-
dator 213 may be, e.g., implemented by software, hardware,
or a combination of the two. For example, 1n the embodiments
described below, the transaction monitor 211 and the rule
validator 213 may be implemented by software written in the
C++ programming language operating in a UNIX-based
operating environment, such as the Solaris™ operating sys-
tem. As will be appreciated by those of ordinary skill 1n the
art, 11 the transaction monitor 211 and/or the rule validator
213 are implemented using software, the software may be
stored on a data storage medium such as that which may be
employed by a storage device 113 as discussed above.

If the attributes of a call comply with the rules specified by
the directory provider, then the directory attribute rule
enforcer 201 forwards the call to the directory access server
205 for action. If, however, the attributes of a call do not
comply with the rules specified by the directory provider, then
the directory attribute rule enforcer 201 does not relay the call
to the directory access server 205. The directory attribute rule
enforcer 201 may instead return an error message to the client
computer 203 that submitted the call. The error message may,
for example, simply indicate that the call does not comply
with the rules governing the directory 209. Alternately, the
error message may explain in detail why the call does not
comply with the rules governing the directory 209. The opera-
tion of the directory attribute rule enforcer 201 will be
described in more detail with reference to FIG. 3.
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First, in step 301, the transaction momitor 211 monitors
cach call from a client computer 203 to the directory access
server 205. For example, 11 the transaction monitor 211 1s
implemented within a UNIX-based operating environment as
discussed above, the operation of the transaction monitor 211
may be invoked via the “inetd” operation. As 1s known in the
art, the “inetd” operation 1s a UNIX system process that can
be configured to listen on a specified port number via a speci-
fied protocol, and to then invoke a program each time an event
1s posted to the port on which the “inetd” operation is listen-
ing. With electronic directory networks, port number 389
conventionally 1s used as the port number for the directory
access server 205. Thus, with this conventional port configu-
ration, the “inetd” operation may be employed by the inven-
tion to listen on port number 389 for, e.g., transmission con-
trol protocol (TCP) connection requests.

When the “inetd” operation of the transaction monitor 211
detects a call (e.g., a TCP connection request) on this port that
1s intended for the directory access server 205 1n step 301, the
transaction monitor 211 creates a monitoring process for the
call 1n step 303. Next, the monitoring process initiates a
connection to the directory access server 205 1n step 305, 1n
order to relay the call to the directory access server 205 if the
call 1s determined to comply with the attribute rules for the
directory. The monitoring process then monitors communi-
cations from the client computers 203 intended for the direc-
tory access server 203.

It should be noted that, for some embodiments of the inven-
tion, the transaction monitor 211 preferably creates a moni-
toring process for each call to the directory access server 205.
Thus, with the above-described embodiments of the invention
employing a UNIX-based operating environment, for each
received connection request, the “inetd” operation will accept
the connection, fork, and execute a monitoring process by
passing the monitoring process both a user-specified com-
mand-line string and the socket on which the connection
request was recerved.

With these embodiments, the command line format to 1ni-
tiate a  monitoring  process may  be,  e.g.,
“tmon<Idap_host><Idap_port><ruled_host><ruled_port>,
where “tmon’ 1s the name of the monitoring process, “Ida-
p_host” 1s the name of the directory access server 205, “Idap_
port” 1s the port address for the directory access server 205,
“ruled_host” 1s the name of the server hosting the rule vali-
dator 213, and “‘ruled_port” 1s the port address for the rule
validator 213. This command line configuration advanta-
geously allows the directory access server 205 and the rule
validator 213 to be implemented on different programmable
computers, and to vary the ports employed by the directory
access server 205 and the rule validator 213, if desired, by
changing only the transaction monitor command line argu-
ments specified in the configuration file for the “inetd” opera-
tion.

As each call or request to the directory 209 1s transferred
through from the client computer 203 to the directory access
server 205, the monitoring process examines the call 1n step
307 to determine what directory operation the call 1s request-
ing. If the call includes a request to retrieve information from
the directory 209, then the transaction monitor 211 relays the
call to the directory access server 205 1n step 309. I, however,
the call 1s a request to add, modity, or delete content from the
directory 209, then the transaction monitor 211 reroutes the
call to the rule validator 213 for validation in step 311.

As previously mentioned, the rule validator 213 validates
the attributes of calls or requests to the directory access server
205. With some preferred embodiments of the invention, the
rule validator 213 1s started when the directory network 200 1s




US 8,135,687 B2

7

started. When the rule validator 213 begins operation, 1t first
parses one or more configuration files for the rule validator
213 1n step 313, to determine the rule set governing content
tor the directory 209. With some embodiments of the mven-
tion, a single configuration file for the rule validator 213 may
contain all of the directory rules that will be enforced by the
rule validator 213. Alternately, the configuration file may
refer to multiple rule files, each containing a rule set to be
enforced by the rule validator 213, or the rule validator 213
may parse multiple configuration files, each containing a rule
set to be enforced by the rule validator 213. Also, for some
embodiments of the invention where the rule validator 213 1s
implemented using software 1n a UNIX-based operating envi-
ronment, upon startup the rule validator 213 will open a
datagram socket and bind to a specific port to service client
requests.

A configuration file may contain a variety of parameters for
use by the rule validator 213. For example, with some of the
embodiments of the invention operating 1n a UNIX-based
operating environment as described above, a configuration
file may include an add rules parameter, a modity rules
parameter, a modrdn parameter, and a delete rules parameter.
A configuration file may also contain a log directory param-
eter, a service port parameter, a debug level parameter and a
directory access protocol error parameter.

With these embodiments, the add rules parameter specifies
a file that contains the rule set that the rule validator 213 will
use to validate a request to add information to an entry 1n the
directory 209. The default value for this parameter may be,
¢.g., “./add_rules.ct”. If no file 1s found at the location speci-
fied by this parameter, no rules will be 1n place for requests of
this type and the rule validator 213 will stmply pass through
requests of this type. Similarly, the modify rules parameter
specifies a file that contains the rule set for validating the
attributes of calls to modily information 1n an entry of the
directory 209. The default value for this parameter may be,
e.g., “./modity_rules.c1”. If the rule validator 213 does not
find a file at the specified location, no rules will be 1n place for
the requests to modify a directory entry and the rule validator
213 will simply pass through calls of this type.

The modrdn rules parameter specifies a file that contains
the rule set used by the rule validator 213 to validate calls
making a request to modily the name of an entry in the
directory 209 (1.e., a call with a “modrdn” request to modily
a “relative distinguished name (RDN) 1n the directory 209).
The default value for this parameter may be, e.g., ./modrd-
n_rules.ct”. If the rule validator 213 does not find a file at the
location specified, no rules will be 1n place for calls contain-
ing a modrdn request, and the rule validator 213 will simply
pass-through requests of this type. Still further, the delete
rules parameter specifies a file containing the set of rules to be
used by the rule validator 213 to validate requests to delete
information from an entry in the directory 209. The default
value for this parameter may be, e.g., “./delete_rules.ct”. IT
the rule validator 213 does not find a file at the specified
location, no rules will be 1n place for delete requests, and the
rule validator 213 will simply pass through requests of this
type without action.

The log directory parameter designates the location ofa log
file for the operation of the rule validator 213. With some
embodiments of the invention, the value for this parameter
should preferably be an absolute pathname. The location
default for the log file may be, e.g., “/var/tmp” and the log file
naming convention may be “ruled_<pid>log”, where <p1d>1s
the process identification for the rule validator 213. With
some embodiments of the invention, 1f the log file reaches 1
MB 1n size, 1t 1s archived to “ruled_<pid>Nlog”, where N 1s a
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sequential integer starting at 1. With these embodiments,
however, the currently enabled log file 1s preferably always
“ruled_<pid=log”. Also, with these embodiments, there may
be no command-line switch to override this setting.

The debug level sets the amount of debug information that
1s written to the log file. Valid settings are 1n the range from
0-5 inclusive. As will be appreciated by those of ordinary skill
in the art, a debug level of 0 will generate no log information
and, hence, will not create a log file. A debug level of 5 will
generate the maximum amount of debug information includ-
ing hex packet traces of all incoming and outgoing traific. The
default value of this parameter may be, e.g., 1, and with
various embodiments of the invention can be overridden
using the -d command-line switch.

The service port parameter specifies the port on which the
rule validator 213 will listen for a communication from a
monitoring process established by the transaction monitor
211. The default value of this parameter may be, e.g., 13890.
Also, with some embodiments of the invention, the -p com-
mand-line switch can be used to override this setting when
desired. The directory access protocol error parameter may
then specily afile containing customized error messages to be
sent to a client computer 203 in the case of an error during
processing of a call from the client computer 203, e.g., if the
call from the client computer 203 1s found to have validated
one of the rules prescribed by the directory provider. The
default value of this parameter may be, e.g., “./ldap_error-
s.ci”. If the rule validator 213 does not find a file at the
location specified, an error response will be sent to the client
computer 203 in the event of a call processing error, but no
text messages may accompany the error response. As will be
discussed 1n detail below, error messages may alternately or
additionally be included within the rules specified 1n the rules
parameter files noted above.

Each rule will contain one or more primitives, such that the
values assigned to these primitives within a rule will control
the operation of the rule validator 213 when enforcing the
rule. For example, with some embodiments of the invention,
cach rule includes a “precedence” primitive. The value of this
“precedence” primitive will then be an integer specitying the
order in which the rule will be evaluated by the rule validator
213 with respect to other rules. This advantageously allows
enforcement of the rules to provide a logical AND function-
ality. For example, one rule may be designated rule 0, while
another rule may be designated rule 1. With this arrangement,
the rule validator 213 will evaluate a call’s attributes with
respect to rule 0 before evaluating a call’s attributes with
respect to rule 1. Therefore, 11 the test of the call with respect
to rule 1 1s successiul (1.e., the call’s attributes comply with
the requirements set forth 1n that rule), then the call fulfills the
requirements of rule 0 AND rule 1.

With some embodiments of the invention, each rule may
also include a “dependencies” primitive that allows a rule to
specily co-dependencies between 1t and other rules. With
these embodiments of the invention, this arrangement advan-
tageously allows the rules to provide a logical OR function-
ality, as will be explained 1n detail below. For example, if rule
0 1s specified to be co-dependent on rule 4, then rules 0 and 4
will be validated 1n succession when rule O would normally
have been validated. Thus, 1f either of rule 0 or rule 4 1s
satisfied, the validation process will pass the call and proceed
to validate the call according to the next rule 1n sequence, rule
1.

A rule will also typically include an “attribute” primitive,
specilying the attribute (e.g., with a rule enforcer 201 for a
LDAP directory, the LDAP attribute name) upon which the
rule will be applied. For example, 1n one rule, the “attribute”™




US 8,135,687 B2

9

primitive may be assigned a value indicating that the rule 1s to
be applied only to attributes being used to modily information
in, add information to or delete information from an entry
name field (1.e., a relative distinguished name field). In
another rule, the “attribute” primitive may be assigned a value
indicating that the rule 1s to be applied only to attributes 1n
calls to add, modity, or delete information from a telephone

number ficld i the directory 209. In yet another rule, the
“attribute” primitive may be assigned a value indicating that
the rule 1s to be applied only to attributes in calls to add,
modily, or delete information from an electronic mail address
field 1n the directory 209. Of course, those of ordinary skill in
the art will appreciate that the different values that may be
assigned to the “attribute” primitive will vary depending upon
the data field types contained 1n the associated directory 209.

Still further, a rule may include a “type” primitive desig-
nating the operation to be taken by the rule. For example, with
some embodiments of the invention, the “type” primitive 1n a
rule may be assigned the value “compare.” When the “type”
primitive has this “compare” value, the rule validator 213 wall
evaluate a call by comparing the value of one attribute desig-
nated 1n the rule with the value of another attribute designated
in the rule. Alternately, the “type” primitive may be assigned
the value “validate.” When the “type” primitive has this “vali-
date” value, the rule validator 213 will determine if the
attribute (or attributes) designated 1n the rule complies with
characteristics for that attribute (e.g., the alphanumeric type
of the attribute’s value, the attribute’s value range, the maxi-
mum length of the attribute’s value, etc.) also designated in
the rule.

Thus, a rule containing the primitive “type” having the
value “validate” may also contain another primitive specily-
ing how a call’s attribute must comply with the required
characteristics for that attribute. For example, the rule may
contain a second primitive “checktype” requiring that the
value of the attribute to be validated be of a particular alpha-
numeric type. If the value of the primitive “checktype’™ 1s
“TYPE_ALPHA.’ then the rule validator 213 will check to
coniirm that the value of the attribute being validated be made
up of only alphabetical characters. I, on the other hand, the
value of the primitive “checktype” 1s “TYPE_DIGIT,” the
rule validator 213 will check to confirm that the value of the
attribute being validated be made up of only numbers (and no
letters). A list of eleven particular data types that are available
as values of the primitive “checktype,” according to one pos-
sible embodiment of the invention, 1s provided below:

1. TYPE_ALPHA—This type requires each element of an
attribute’s value to be an alphabetical character.

2. TYPE_DIGIT—This type requires each element of an
attribute’s value to be a number.

3. TYPE_ALNUM—This type requires each element of an
attribute’s value to be an alphabetical character OR a digit,
without punctuation (1.e., spaces, dashes, etc.).

4. TYPE_STRING—This type requires each element of an
attribute’s value to be an alphabetical character OR a digit,
with punctuation and spaces. In addition, this type designates
that control characters and escape sequences are screened out
(1.e., not considered in testing 11 the attribute complies with
the rule).

5. TYPE_UPPER—This type requires each element of an
attribute’s value to be an upper-case letter.

6. TYPE_LOWER—This type requires each element of an
attribute’s value to be a lower-case letter.

7. TYPE_ALNUM_UPPER—This type requires each ele-
ment of an attribute’s value to be a digit OR an upper-case
letter only.

8. TYPE_ALNUM_LOWER—This type requires each
clement of an attribute’s value to be a digit OR a lower-case
letter only.
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9. TYPE_CONTAINS—This type requires an attribute’s
value to contain the string specified 1n the rule.

10. TYPE_REGEX—This type requires an attribute’s
value to match a regular expression supplied by the rule.

11. TYPE_ANY—This type bypasses type validation

where the rule 1s only to check the length of an attribute’s
value.

Still further, a rule may 1include a primitive “minlen” speci-
tying the minimum length of elements (e.g., characters or
numbers) 1n an attribute’s value. With some embodiments of
the invention, a particular value for this primitive, such as,
¢.g., —1, can be used to indicate that this minimum length
should not be checked by the rule validator 213. Similarly, a
rule may also include a primitive “maxlen” specifying the
maximum length of an attribute’s value. Again, with some
embodiments of the invention, a particular value for this
primitive, such as, e.g., =1, can be used to indicate that this
maximum length should not be checked by the rule validator
213. As will be appreciated by those of ordinary skill in the
art, the use of such “null” primitive values 1n the rule allows
a user to control the operation of a primitive within a rule
without having to add and delete the primitive itself from the
rule.

As previously noted, with some embodiments of the inven-
tion, when a call does not comply with the rules designated by
the directory provider, the directory attribute rule enforcer
201 preferably returns an error message to the source of the
call. Thus, a rule may include a primitive “errmsg.” The value
of this primitive may be a character string corresponding to
the rule. For example, if a rule requires that all of the elements
of an attribute’s value be letters, then the rule may also con-
tain the primitive “errmsg’ having the value of the character
string “Each element of the value of the submitted attribute
must be a letter”” Thus, if the rule validator 213 determines
that the attribute of a call violates the rule, the directory
attribute rule enforcer 201 will send the character string
“Fach element of the value of the submitted attribute must be
a letter.” to the client computer 203 originating the call. This
will allow the user submitting the call to correct the noted
error 1n the attribute and resubmit the call with the corrected
attribute.

Alternately, the value of the primitive “errmsg’ may
instead refer to an error message stored 1n another location.
As noted above, the configuration file for the rule validator
213 may i1dentify a file (e.g., the directory access protocol
error parameter file) containing error messages to be used by
the rule validator 213. Thus, the primitive “errmsg” (or an
alternate primitive in the rule) may refer the rule validator 213
to an error message stored 1n a separate location. The rule
validator 213 can then retrieve the referenced error message
for delivery to the client computer 203 originating the failed
call. This reference to an error message stored 1n a different
location from the rule conveniently allows a user to edit an
error message without having to edit the rule itself.

A detailed list of primitives and their range of possible
values according to one embodiment of the invention 1s pro-
vided in Table 1. This table also indicates when each primitive
may be included in a rule. As indicated in the table, a primitive
may be required, required to be included 1n a rule 1 conjunc-
tion with another primitive, or optional. In addition, the table
explains the use of each listed primitive. Of course, those of
ordinary skill 1n the art will appreciate that this table includes
only one possible combination of primitives and their corre-
sponding primitive values and requirements. Any combina-
tion of rule primitives, primitive values and requirements may
be employed as desired to enforce data consistency in the
directory 209.
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TABLE 1

Primitive Allowed Values Requirements Description

PRECEDENCE  Positive Integers REQUIRED This primitive specifies
the order
in which the rule
will be validated.
TYPE COMPARE REQUIRED This primitive
VALIDATE specifies whether

the rule will
validate the data
type of an
attribute’s value or
compare the value
of one attribute to
the value of another
attribute.
QUALIFIER EQ Required for TYPE =  This primitive
NEQ COMPARE; denotes, for rules
SUBSTRING ignored otherwise of type
COMPARE,

whether the check

of the designated
attributes’ values
will be for equality,
inequality, or
substring match.
MATCHTYPE BEGIN Required for This primitive
END QUALIFIER = specifies the type
OFFSET SUBSTRING: of substring search
CONTAINS ignored otherwise to perform if the
BEFORE rule primitive
AFTER QUALIFIER has
the value
SUBSTRING.
BEGIN requires
the substring to be
at the beginning of
the string, END at
the end, OFFSET
at the specified
offset, and
CONTAINS

requires only that
one be contained

the other. The
BEFORE and
ATFTER values
specify a delimited
search. After the
BEFORE or
AFTER tag, a
quoted delimiter 1s
specified. The
value must be equal
to the string before
or after the
delimiter in its
entirety. Default 1f
MATCHTYPE is
not specified will
be CONTAINS.
ATTRIBUTE LDAP attribute REQUIRED This primitive
name denotes the LDAP
attribute against
which the required
checks will be
done.
ATTRIBUTE LDAP attribute Required for TYPE =  This primitive
name COMPARE:; denotes, for rules
ignored otherwise. including the
primitive
COMPARE, the
other LDAP
attribute against
which the
previously

specified attribute
will be checked.




Primitive

CHECKTYPE

MINLEN

MAXLEN

COMPARETO

ERRMSG

DEPENDECIES

IFPASS

IFFAIL

According to some embodiments of the ivention, each
rule may be specified in the following format. First, the defi-
nition of each rule may begin with the word “RULE” fol-
lowed by a curly bracket “{”, to signify the beginning of the 65
rule. On the following line, the rule will be delineated using,
all required primitives as well as any desired optional primi-
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TABLE 1-continued

Allowed Values

A defined data type
as specified in the
Ruled Design

Document.

Positive integers
and zero.

Positive integers
and zero.

Quoted string

Quoted string

Comma-separated
list of integers.

GOTO
PASS
FAIL

GOTO
PASS
FAIL

Requirements

Required for TYPE =

VALIDATE;
optional otherwise.

Optional

Optional

Required for
CHECKTYPE =
REGEX and
CHECKTYPE =

COMPARE;
ignored otherwise.

Optional

Optional

Optional

Optional

Description

This primitive
denotes the
required data type
of the LDAP
attribute being
checked.

This primitive
denotes the
MINIMU
allowable length of
the LDAP attribute
being checked.
This primitive
denotes the
maximum

allowable length of
the LDAP attribute
being checked.

The value of this
primitive 1s the
string or regular
expression against
which the LDAP
attribute specified
should be checked.
The value of this
primitive is the
rule-specific error
message delivered
to the client if
validation fails.
This primitive
specifies the
precedences of
other rules which
are to be logically
OR’ed with the rule
having this
primitive during
the validation
process.

This primitive can
specity special
semantics 1n rule
flow. If the data
passes the current
test, processing can
GOTO a specified
rule precedence,
PASS validation, or
FAIL validation. If
not specified, rule
processing
continues in
numeric order.
This primitive can
specify special
semantics 1n rule
flow. If the data
fails the current
test, processing can
GOTO a specified
rule precedence,
PASS validation, or
FAIL validation. If
not specified, rule
processing
continues in
numeric order.
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tive. .
value designated for the primitive. The rule primitive then
terminates with a closing curly bracket “}”.

One example of such a rule, mstructing the rule validator
213 to make a compare operation without using type check-
ing, 1s shown below:

Hach primitive 1s followed by a colon, and then by the
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RULE {
PRECEDENCE: 0
TYPE: COMPARE
QUALIFIER: EQ
ATTRIBUTE: ¢cn
ATTRIBUTE: alias
ERRMSG: “The value of the cn and alias attributes must be
identical.”

More particularly, this rule instructs the rule validator 213
to compare the value of the attribute “cn” provided 1n a call to
the directory 209 with the value of the attribute “alias™ in that
call. If the two values are equal, then the call passes the rule.
On the other hand, 1f the rule validator 213 determines that the
value of the attribute “cn” 1s not equal to the value of the
attribute ““alias,” then the call fails the rule and the attribute
rule enforcer 201 transmits the error message “The value of
the cn and alias attributes must be 1dentical.”” to the client
computer that imtiated the call.

Another example of a rule, instructing the rule validator

213 to make a compare operation using type and length
checking, 1s shown below. It should be noted that, because the

precedence of the following rule 1s “1” while the precedence
of the previousruleis “0,” the rule validator 213 would test the
attributes of a call using the previous rule before using the rule

that follows.

RULE {
PRECEDENCE: 1
TYPE: COMPARE
QUALIFIER: NEQ
ATTRIBUTE: cn
ATTRIBUTE: alias
CHECKTYPE: TYPE DIGIT
MINLEN: 10
MAXLEN: 10
[FPASS: GOTO 10
IFFAIL: FAIL
ERRMSG: “The value of the cn and alias attributes must not be
identical.”

Thus, this rule instructs the rule validator 213 to compare
the value of the attribute “cn” of a call with the value of the
attribute “alias™ of the call, to confirm that they are not equal.
I1 the two values are equal, or if the value of the attribute “cn”
1s a subset of the value of the attribute “alias,” then the call
fails the rule. The rule also instructs the rule validator 213 to
confirm that all of the elements in the value of the attribute
“cn” be numbers. If any of the elements in the value of the
attribute “cn’ are not numbers, then the call will fail the rule.
Still further, the rule instructs the rule validator 213 to confirm
that the value of the attribute “cn” has no more than ten
clements, and also has no less than ten elements. Additionally,
if the rule validator 213 determines that a call has passed the
rule, the rule instructs the rule validator 213 to next test the
call according to the rule identified by precedence number
ten. If, on the other hand, the rule validator 213 determines
that a call has failed the rule, the rule instructs the rule vali-
dator 213 to fail the rule and 1ssue the error message “The
value of the cn and alias attributes must not be identical.”

Still another example of a rule that validates the value of an
attribute using type and length checking 1s provided below.
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RULE {
PRECEDENCE: 2
TYPE: VALIDATE
ATTRIBUTE: ¢cn
CHECKTYPE: TYPE_ DIGIT
MINLEN: 10
MAXLEN: 10
ERRMSG: “The value of the cn attribute must be of length 10 and be

numeric.
DEPENDENCIES: 3

This rule instructs the rule validator 213 to check the value
of the attribute “cn” of a call to confirm that 1ts value has no
more than ten elements, and also has no less than ten ele-
ments. Because this rule contains the primitive “dependen-
cies,” the rule wvalidator 213 will also check the call’s
attributes against the rule specified by the value of the primi-
tive “dependencies.” Thus, with this example, aiter checking
to see 1 the call’s attributes comply with the rule above, the
rule validator 213 will also determine 1f the call’s attributes
comply with the rule having the primitive “precedence” with
a value of three. This rule, listed immediately below, instructs
the rule validator 213 to check whether the value of the
attribute “cn” 1n the call includes the character string “pock-
etnet.”

RULE
PRECEDENCE: 3
TYPE: VALIDATE
ATTRIBUTE: ¢n
CHECKTYPE: TYPE CONTAINS
COMPARETO: “pocketnet™
ERRMSG: “The value of the cn, if not numeric, must contain
“pocketnet*.”
DEPENDENCIES: 2

According to the embodiments of the invention that
employ the primitive “dependencies” to perform a logical OR
operation with different rules, i1f the call’s attributes pass
either rule two or rule three, the rule validator 213 wall pass
the call. If, however, the call’s attributes fail both rules, then
the rule validator 213 will fail the call. Of course, while the
“dependencies” primitives in the example rules provided
above have only a single value, the “dependencies™ primitive
for a rule may have multiple values, allowing the require-
ments of more than two rules to be logically OR’ed together.
Also, 1n the example rules above, the error message 1s con-
tained within each rule. As previously noted, however, a rule
may 1nstead refer the rule validator 213 to an appropriate error
message stored 1n a separate location.

Returning now to FIG. 3, after the rule validator 213 has
parsed the rules indicated 1n the configuration file, 1n step 315
the rule validator 213 caches a list of these rules 1n memory.
More particularly, the rule validator 213 reads the first rule
(e.g., the rule with the “precedence” value of “0”) 1nto a list.
The rule validator 213 also reads any co-dependent rules
specified by the first rule into the list. If a rule has no depen-
dencies, 1ts list will contain only the single rule. The rule
validator 213 then creates a new list for the next rule, and this
process 1s repeated until each rule (and its co-dependent
rules) in the associated configuration file (or files) has been
stored 1n a cached rule list. The rule validator 213 then pre-
pares a master list of these rule lists 1n numerical order,
according to the highest precedence rule 1n each list.
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With some embodiments of the invention, the rule validator
213 may parse the configuration file or files and create the
cached rule lists when the operation of the rule validator 213
1s started. Alternately, with some embodiments of the mven-
tion, the rule validator 213 may postpone parsing the configu-
ration file or files and/or creating the cached rule lists until a
monitoring process passes a call to the rule validator 213 for
validation.

Next, 1 step 317, the rule validator 213 waits for requests
to validate calls from a monitoring process created by the
transaction monitor 211. In the embodiments operating in a
UNIX-based operating environment, for example, the rule
validator 213 waits for a request via a UDP socket. As previ-
ously noted, for each incoming request from the transaction
monitor 211 to validate a call, the call 1s guaranteed by the
monitoring process referring the call to be a valid request
seeking to add, modity, or delete directory information.

When the rule validator 213 recerves a request to validate a
call from the monitoring process, the rule validator 213 first
selects the appropriate master list of rule lists for the call 1n
step 319. As previously noted, the rule validator 213 may have
one set of rules for validating calls to add information to the
directory 209, another set of rules to validate calls deleting
information from the directory 209, and still another set of
rules to validate calls modifying information in the directory
209, with each set of rules being obtained from a different
configuration file. Accordingly, the rule lists for each set of
rules may be collected 1nto a separate master list. Thus, with
these embodiments, the rule validator 213 first selects the
master list containing the rule lists approprate to the type of
call that the rule validator 213 has been asked to validate.

Next, in step 321, the rule validator 213 selects the nextrule
list from the appropriate master list. For example, if the rule
validator 213 1s beginning the validation process, it will select
the first rule in the master rule list. In step 323, the rule
validator 213 tests the call’s attributes according to each rule
in the rule list 1n succession, until a positive result 1s found
(1.e., until the attributes of the call pass one of the rules
included 1n the rule list). If testing according to any of the
rules in the rule list returns a positive result, then the rule
validator 213 passes the call. Otherwise, the rule validator
213 fails the call. Then, i1n step 3235, the rule validator 213
determines 11 there are any rule lists in the master list that have
not been used to test the call. It there are additional rule lists
in the master list that have not been used to test the call, then
the rule validator 213 repeats steps 323 to 327. I, however,
the rule validator 213 has tested the call against all of the rule
lists 1n the appropriate master list, the rule validator 213
returns a test result to the process monitor 1n step 327. Spe-
cifically, if the rule validator 213 has failed the call according
to any of the rule lists, the rule validator 213 provides the
monitoring process with the error messages specified in those
rule lists. If, however, the rule validator 213 has passed the
call, the rule validator 213 provides the monitoring process
with a message indicating that the call has passed.

With some embodiments of the invention, the rule validator
213 may process each request to validate a call on a first 1n,
first out (FIFO). Also, with some embodiments of the mven-
tion, more than one rule validator 213 may be employed to
validate calls. With these embodiments, 1t a rule validator 213
1s started and detects that the port to which it 1s to bind 1s
already 1n use, the rule validator 213 will drop 1nto a backup
mode. At user-defined intervals, the rule validator 213 waill
verily that the master rule validator 213 (i.e., the rule validator
213 previously using the port) 1s still active and will assume
the master role 11 the port becomes available.
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As will be appreciated by those of ordinary skill 1n the art,
a rule validator 213 can verily 1f a master rule validator 213 1s
still active 1n multiple ways. For example, the backup rule
validator 213 may periodically (according to a preset period)
activate and verily that the port the backup rule validator 213
1s configured to serve 1s still in use. This insures that the
master rule validator 213 1s still bound to the port and serving
incoming requests. If the port 1s not 1n use, 1t 1s not bound and
the backup rule validator 213 immediately becomes active for
the port. Alternately, the master rule validator 213 may peri-
odically send out a beacon signal (according to a preset
period). If three consecutive expected replies to the beacon
signals are not recerved from the backup rule validators 213,
it 1s assumed that, whether or not the port for the master rule
validator 213 1s bound, the master validator 213 has stopped
functioning, and a kill signal 1s 1ssued to 1t to free up the bound
port. The port can then be bound by a backup rule validator
213, which immediately becomes active. Of course, those of
ordinary skill in the art will appreciate still other techniques
for monitoring the status of the master rule validator 213.
Thus, several rule validators 213 can be running at any time,
but only one will be active for a specific port.

In step 329, the process monitor determines 11 the rule
validator 213 has passed the call. If the call has been passed,
then the call 1s successtully validated, and the process moni-
tor forwards the call along to the directory access server 2035
in step 331, and monitoring continues until the session 1s
closed. If, however, the process monitor determines that the
rule validator 213 failed the call, then the process monitor
provides the approprniate error messages (forwarded by the
rule validator 213) to the client computer 203 that originated
the call in step 333, and the session 1s closed. Of course, those
of ordinary skill in the art will appreciate that, with various
embodiments of the invention, the rule validator 213 may
torward passing calls directly to the directory access server
205. Stmilarly, with alternate embodiments of the invention,
the rule validator 213 may return error messages for failed
calls directly to the client computer 203 that submitted the
call.

As will be understood from the foregoing description, the
directory attribute rule enforcer according to the invention
provides a method and system for enforcing content rules
regarding a directory, such as a LDAP directory. It should be
noted, however, that the method and apparatus according to
the invention, as described above, does not modily or delete
data submitted to the directory. Instead, it simply rejects the
call 1f the data in the call does not comply with rules previ-
ously determined by the directory provider. Moreover, as
described above, the directory attribute rule enforcer accord-
ing to the invention may advantageously provide the source of
a rejected call with an error message explaiming, e.g., why the
call to the directory was rejected, and what may be done to
correct the call.

While the description of particular embodiments of the
invention made above discuss only a single transaction moni-
tor 211 and a single directory access server 205, those of
ordinary skill 1in the art will appreciate that various embodi-
ments of the invention may employ multiple transaction
monitors 211 and multiple directory access servers 205, in
addition (or as an alternative) to employing multiple rule
validators 213. Moreover, each transaction monitor 211, rule
validator 213, and directory access server 205 may be imple-
mented on a single computer system or shared between mul-
tiple computer systems. Further, a single computer system
may host multiple components of the mmvention, such as a
transaction monitor 211 and a rule validator 213, or an
attribute rule enforcer 201 and a directory access server 205.




US 8,135,687 B2

19

The present invention has been described above by way of
specific exemplary embodiments, and the many features and
advantages of the present invention are apparent from the
written description. Thus, 1t 1s itended that the appended
claims cover all such features and advantages of the mven-
tion. Further, since numerous modifications and changes will
readily occur to those skilled in the art, the specification 1s not
intended to limit the invention to the exact construction and
operation as 1llustrated and described. For example, the
invention may include any one or more elements from the
apparatus and methods described herein in any combination
or subcombination. Accordingly, there are a number of alter-
native combinations for defining the invention, which incor-
porate one or more elements from the specification (including,
the drawings, claims, and summary of the mvention) in any
combinations or subcombinations. Hence, all suitable modi-
fications and equivalents may be considered as falling within
the scope of the appended claims.

What 1s claimed 1s:

1. An apparatus comprising:

a rule validator of an attribute rule enforcer for a directory,
wherein the rule validator 1s interposed between a client
and a directory access server for providing access to the
directory, the rule validator 1s configured to determine
whether an attribute of a client request complies with a
first rule governing content of data that 1s permissible to
be forwarded to the directory access server and a second
rule governing structure of data that 1s permissible to be
forwarded to the directory access server, the rule valida-
tor 1s further configured to forward the request to the
directory access server when the attribute complies with
the first rule and the second rule and being further con-
figured to reject the request to the directory access server
and return an error message to a source of the request
when the attribute does not comply with the first rule and
the second rule, the rule validator 1s further configured to
reply to a beacon signal recerved from a master rule
validator, and the rule validator 1s further configured to
1ssue a kill signal to amaster rule validator 1n response to
an indication the master rule validator has stopped func-
tioning; and

a configuration file for use by said rule validator, the con-
figuration file containing a plurality of parameters cor-
responding to the first and second rules.

2. The apparatus as recited 1n claim 1 wherein the rule
validator upon startup opens a datagram socket and binds to a
specified port to receive a client computer request.

3. The apparatus as recited in claim 1 wherein the plurality
of parameters includes a directory access protocol parameter
for specilying a file containing said error message.

4. The apparatus as recited 1n claim 1 wherein the rule
validator 1s further configured to parse rules indicated 1n said
configuration file and cache a list of rules 1n memory.

5. The apparatus as recited 1n claim 1 wherein the rule
validator 1s further configured to select a master list of rule
lists for a request from a client source to a directory access
Server.

6. The apparatus as recited 1n claim 1 further comprising:

a master rule validator comprising an active rule validator
bound to an i1dentified port, wherein the rule validator 1s
a backup rule validator sharing the identified port, the
master rule validator periodically sending a signal to the
backup rule validator according to a preset period of
time.

7. A computer-implemented method of validating rules

with an attribute rule enforcer for a directory, the method of
validating rules comprising:
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determiming whether an attribute of a client request com-
plies with a first rule governing content of data that 1s
permissible to be forwarded to the directory access
server and a second rule governing structure of data that
1s permissible to be forwarded to the directory access
Server,

torwarding the request to the directory access server when
the attribute complies with the first rule and the second
rule;

rejecting the request to the directory access server and

returning an error message to a source of the request
when the attribute does not comply with the first rule and
the second rule;

detecting that the port to which the rule validator 1s to bind

1s 1n use by a master rule validator and configuring the
rule validator 1n a backup mode;

replying to a beacon signal recerved from the master rule

validator; and

1ssuing a kill signal to the master rule validator 1n response

to an indication that the master rule validator has stopped
functioning.

8. The method, as recited 1n claim 7,

wherein the first and second rules include a data addition

rule when the request includes a request to add data to
the directory,

wherein the first and second rules include a data modifica-

tion rule when the request includes a request to modity
data 1n a directory, and

wherein the first and second data rules include a data dele-

tion rule when the request includes a request to delete
data from the directory.

9. The method, as recited in claim 7, further comprising:

detecting that the port to which the rule validator 1s to bind

1s 1n use by a master rule validator and configuring the
rule validator 1n a backup mode; and

periodically activating the rule validator and veritying that

the port 1s still in use by the master rule validator.

10. The method, as recited 1n claim 7, further comprising:

detecting that a port to which the rule validator 1s to bind 1s

in use by a master rule validator and configuring the rule
validator 1n a backup mode; and

entering a master mode by the rule validator in response to

the master rule validator no longer being active.
11. A method of validating rules for use with an attribute
rule enforcer for a directory, the method of validating rules
comprising;
determining whether an attribute of a client request com-
plies with a first rule governing content of data that 1s
permissible to be forwarded to the directory access
server and a second rule governing structure of data that
1s permissible to be forwarded to the directory access
Server;

torwarding the request to the directory access server 1f the
attribute complies with the first rule and the second rule;

rejecting the request to the directory access server and
returning an error message to a source of the request i
the attribute does not comply with the first rule and the
second rule;

detecting that the port to which the rule validator 1s to bind

1s 1n use by a master rule validator and configuring the
rule validator to be 1n a backup mode; and

entering a master mode by the rule validator in response to

the master rule validator no longer being active.

12. The apparatus as recited 1n claim 1,

wherein the first and second rules include data addition

rules when the request includes a request to add data to
the directory,
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wherein the first and second rules include data modifica-
tion rules when the request includes a request to modity

data 1n a directory, and
wherein the first and second data rules include data dele-
tion rules when the request includes a request to delete

data from the directory.
13. The apparatus as recited 1n claim 1, wherein the plural-
ity of parameters includes an add rules parameter, a modity
rules parameter, a modrdn parameter, a delete rules param-
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cter, a log directory parameter, a service port parameter, a
debug level parameter, or a directory access protocol error
parameter.

14. The apparatus as recited in claim 1, wherein the rule
validator 1s configured to periodically activate and verity that

a port associated with the rule validator 1s 1n use by a master
rule validator.
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